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ABSTRACT 

This report presents an overview of research on 
childhood lead exposure and poisoning, and the related social issues* 
The report first summarizes the history of lead poisoning and its 
prevalence in the United States, and discusses the basis for recent 
changes in guidelines for lead exposure by the Centers for Disease 
Control (CDC) . The report then reviews the animal and human research 
literature on lead exposure and poisoning, focusing on the 
neurobehavioral effects of lead poisoning, methodological issues, and 
directions for future research* It then discusses the public policy 
implications of lead exposure and the financial costs of abatements, 
finding that the removal of lead from children's environments has 
proven to be more expensive, complicated, and time-consuming than 
once thought. The report concludes that while the effects of high 
levels of lead exposure have been documented for nearly a century, 
the spec'fic effects of lower levels of lead (10 to 15 micrograms per 
deciliter of blood) are less clear, although the data seem to support 
that even low-level lead exposure causes cognitive and behavioral 
deficits* (Contains 68 references.) (MDM) 
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T he past few decades have witnessed a dra- 
matic interest in the effects of childhood 
lead poisoning. Although the toxic effects 
of lead have been acknowledged lor generations 
and the production of lead dates to ancient ci\'i- 
lizations. only recently has it been known that 
even low levels of lead exposure may ha\'e seri- 
ous effects on children's development. In 1991, 
driven by accumulating research findings, the 
Centers lor Disease Control (CDO published 
new guidelines regarding the treatment ol chil- 
dren exposed to lead. In these guidelines the 
blood lead level of inter\'cntion was lowered Irom 
23 to 10 mierograms per deciliter (pg/dL). 

Low levels of lead exposure have been asso- 
ciated with a broad array ol childhiHid problems 
ranging Irom cogniti\'c and behavitiral prtiblems 
m preschool through high school (.see Environ- 
mental Protection .Agency [EPAl, 198h, and 
Needleman, 1992. for a summary of findings) to 
ht'aring problems (Pox, 1992). New insights re- 
garding the elfects of lead have come from many 
sources In particular, evidence Irom animal re- 
search has been greatly inlluential, and many 
recent, well-designed and carelulK- conducted 
cross-sectional and longitudinal studies carried 
out in several countries ha\e added tci our under- 
standing ol the ellects ol lead on dc'wlopmcni. 
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Sadly, in the end it appears that there may 
be no safe level of exposure to lead and that some 
neurotoxic effects may be irreversible (American 
Academy of Pediatrics, 1993).' Howe\'er, lead 
poisoning continues to be entirely preventable: 
remove the source ol lead from the child’s en\'i- 
ronment, and remove the problem; never expose 
the child to lead, never have a problem. Unfor- 
tunately. removing the sources ol lead from 
children’s environments has proved to be a much 
more difficult and costly procedure than once 
thought, although there may be some success 
.stories, as in the case of restricting leaded ga.so- 
line. 

This report presents an overview of child- 
hood lead exposure and poisoning, and the re- 
lated social issues. The first section brieOy sum- 
marizes the history ol lead poisoning and its 
prevalence in the U.S., and discu.sscs the basis for 
recent changes in the CDC guidelines. The next 
section reviews the animal and human literature 



on lead poisoning. The purpose ol this review is 
to highlight current findings and to illustrate 
some of the mixed results and methodological 
issues relevant to studies ol children, not to pro- 
vide exhaustive coc'crage ol the extensive litera- 
ture on lead effects. A third section proposes 



strategies 



for future research, lanally, policy is- 
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sues and logislaiivc action related to managing 
lead hazards in the home and commumt)' are 
discussed, and conclusions arc drawn. 

Background 

Ancient History 

Lead was I'lic ol the original metals used hy 
man. It was utilized h,y ancient cnilizations as a 
siHircc ol sihxT aiul in the production ol items as 
diverse as dishes, pigments, sling shots, weights, 
and coins. In the Roman Lmpire, lead was an 
integral part ol the a(.|ueduct system which sup- 
plied the drinking water lor the city. Some have 
speculated that the lall ol Rome resulted from the 
wielcspread use ol lead (Gillillan. IdPSL t'tthcrs 
point out that it is dillicult to ascertain how much 
lead was actually in Roman drinking water be- 
cause the waters came Irom springs in and 
around as Rome as well as Irom the aqueducts. 
It has been suggested that more problematic was 
the use ol sapa, a sweetening agent made Irom 
grapes cooked in lead pots (.Nriagu, 1 <-)<-) 3L 

Nicander, a Greek poei-physician in the 
second century B.G.. theorized that exposure to 
white lead and the sugar ol Icarl resulted in what 
arc now recognized as the classic signs o! lead 
poisoning — palsy, pallor, colic, and consiipa- 
liiMi, During the Mitklle Ages the ellecls of lead 
pt)isoning appareniK' recci\e(.l little ailcniion; 
not until the Industrial Re\oluiion was an inter- 
est in lead revived (Gt'iy-Slechia, 1QS4L 

Modern History 

.\usiralia was one ol the lirsl countries to 
rcci'gmze and treat le.trl poisoning. In the l8<-)tV 
.1 physician named Turner ideniilied children 
with sym|iloms ranging from headache to \om- 
iiing and Uu'i- and wrist-drop which he aiirib- 
uicd to .1 Ic.idcd waier i,mk. Gibson, another 
■Australian physician, published a paper in DilH 
iiiletl A Il(\i joi I’liiiilcd Riiilin^ timl I’ainicJ W’aIR 
Us the (’/ /’(»is(i/im<,; .Anunig >-diu\'i\dand ( hil- 



clrcn dor lurther historical details, see l.in-Fu 
ldd2). He argued that the source ol lead poi.son- 
mg lor the majorii)- of Australian children was 
the leaded paint that cosered- railings am,l 
porches. Moreover, he deierminerl that exposure 
wws greatest during the warmer months when 
children were playing outside and had oppmau- 
nities to ha\c their hands coaled with learl dust 
and engage in hand-to-mouth activities. 

Physicians in the L'.S. were initially skepti- 
cal ol the Australian findings, but b\' the ld20s 
were lorced to conlroni the issue bceause rejioris 
ol learl poisoning had become more prevalent. 
C'tne signilicani outbreak ol lead poisiming iic- 
cLirre(.l in the Baltimore area, during the I'tepres- 
sion. and was lound to be due to the burning of 
battery casings for domestic fuel (.Williams. 
Schullze, Rolhchikl ei ah. W.3T cited in Lin-l'u. 
lc)c)2V This was only one source of lead expci- 
sure; others appeared in the \ears following the 
Depression. In particular, leaded paint and 
leaded gasoline ha\e been, and continue to be. 
the predominant stuircesol lead poisonmgin ibe 
I'.S. 

C.oncern about lead poisomngand exposure 
increased slowly in the IdTOs and l<-)50s. This 
was m part because most lead poisoning was 
thought to be primarily a problem of slum-dwell- 
ing children and the result ol pica, whereb\- chil- 
dren consume nonlood items, in this case peeling 
and chipping lead paint U.in-bu. Idd2f. It wasn't 
until the IdPOs that lead poisoning was reciyg- 
nized as an important pediatric probk-m tCiriggs. 
Sunshine. G: Newill. lOpTT 

In Idpy lane l.in-l'u. w riting lor the Dep.iri- 
meni ol 1 leallh. Tducalion. and \\ chare inciw the 
Department ol Health and Human Services 
|D1 11 ls]T published a paper entitled /.cud /Misc'ii- 
mg m Chihhi'ii that spelled out lor the hist time 
that lead poisoning was a serious threat to 
children's health causing neurologieal problems, 
mental retardation, and e\en death, hollowing 
this public, iiion, elli'il.-^ to educate ifie geiu-r.il 
population regarding the threat ch lead poisoning 
incre.tsc'd dram.uic.tlK . 

In H'yi lederalK .tssistc-d sereemng ol ihil- 
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drcn for load poisoning began. From these 
screenings it was determined that 20% to 45% ol 
children tested had blood lead levels o\er 40 
|ig/dL. It was also disco\’ered that lead-poisoned 
children did not just reside in inner-city slums, 
nor did they all suffer from pica. Hence, the 
importance of lead dust in the environment 
coupled with typical infant hand-to-mouth activ- 
ity was confirmed t.Lin-1-u, lOOlV 

Since the mid-lObOs the incidence of lead 
poi.soning has decreased significantly due to 
mass education and the reduction of lead in both 
gasoline and food processing (lead solder used in 
canning; Lin-Fu, 1987'). Despite these elforts, 
however, childhood lead poisoning remains one 
of the most prevalent preventable childhood 
health problems in the U.S. today. 

There have been great' impro\ements since 
the early 1970s in the technology of measuring 
lead in microsamples of blood and in other 
sources. Advances in the past decade, including 
the introduction of improved instrumentation 
for the atomic absorption spectrometry and an- 
odic stripping voltammetry, have made it pos- 
sible to obtain highly accurate and precise mea- 
sures of lead in microsamples of blood. Pnoi' to 
1970 venous samples of 5-20 pL of blood, usu- 
ally obtained from children by external jugular or 
femoral vein puncture, were required tor the 
older colorimetric procedures. At that point, a 
single technician could process only 8 to 10 
samples per day. C.urrently. a technician can test 
up to 80 samples per day. Without these tech- 
nologies the reseai'ch ol the past 20 )ears would 
not have been possible (j'-ilian C4iisolni, pei'bonal 
communication. July. 1994T 

Prevalence 

In (.Vtober I '■^9% during National Child 
Safety Month. Dill IS cited lead poisoning as the 
most harardous health threat to children under 
the age ol 0. In the F.l’A ha<.l eslimaietl that 
approximately f million children m the Linited 
States had blood lead levels greater than lO 
pg/dl . levels high enough to possibly alleet iiiiel- 



ligencc and development. Recent evidence sug- 
gests that lead levels above 10 pg/dL may occur 
more IVeciuentK- in urban than suburban areas 
(Harvey, 1994; Nordin, Rolnick, & Griffin. 
1994).' 

Despite efforts to reduce the level of lead in 
the environment through prohibition of lead in 
residential paint (a ruling made in 1977 by the 
LcS. Consumer Product Safety Commission) and 
reductions of lead in gasoline, there is still a 
considerable environmental threat. The EPA 
U992) has estimated that dust and soil in many 
parts of the country continue to be contaminated 
by leaded gasolines and paints and that 74% of 
all housing units built before 1980 contain lead- 
based paint. Faced with this information on 
prevalence and other accumulating evidence on 
the effects of lead poisoning, the CDC changed 
its lead policies in 1991 (.CDC. 1991). 

CDC Policy Changes 

In its 1991 revised policies, the CDC made 
several recommendations, including that the 
blood lead level of "concern" be lowered to 10 
pg/clL and that virtually all children be screened 
for lead exposure and poisoning. It is notable diat 
the Ameiican Academy iif Pediatrics supported 
the CDC's policies, stating that "pediatric care 
providers should increase their efforts to screen 
children for lead exposure. Blood lead screening 
should be a part of routine health supervision lor 
children" (199,3, p. 181). These recommenda- 
tions have pro\en to be somewhat controversial 
iHarvey. 1994). 

Rc(jui/ing .sticcniiig. C>n the question ol 
screening, some physicians ha\e argtied that se- 
lccti\e rather than univer.sal screening would be 
less costly. By carefully questioning patients, us- 
ing a lead poisoning questionnaire developed by 
the CDC (1991) or siniilar questions, the physi- 
cian can determine the exieni ol risk ami the 
need lor lurther blood testing. 

Seleetne sereenmg has been shown to be a 
cosi-elleeti\e procetltire in several sitidies tsee 
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Harvey. N^4'). However, a rceeni study found 
that only 12% of the 556 physicians surveyed 
were currently testing for the blood lead levels ot 
their patients and that their knowledge of the 
effects of lead exposure and poisoning was lim- 
ited (Bar-on &r Boyle. 1994). Thus, how feasible 
it might be to institute selective screening on a 
broad scale is unclear. 

Lowering the blood lead level oj eoneern. The 
CDCs decision to lower the blood lead level of 
concern was based on se\eral important research 
findings (CDC. personal correspondence. 199.3). 
For example, two meta-analyses of relevant stud- 
ies indicated that lead exposure, even at low 
levels, does affect the intelligence of children 
(Bellinger & Needleman. 1992; Needleman & 
Gastonis. 1990). Moreover, findings of long-term 
effects of lead poisoning in a group of 132 pre- 
dominantly Caucasian children also influenced 
the CDC decision (Needleman. Schell, Bellinger, 
Leviton. & Allred, 1990). In this study adoles- 
cents who had been exposed to lead in early 
childhood were more likely to drop out of 
school, be absent more, have reading disabilities, 
have lower class standings, and have lower vo- 
cabulary and \'crbal reasoning scores, poorer 
hand-cyc coordination, longer reaction times, 
and slower finger tapping.' 

In 1986 the EPA estimated that with each 
raised level of blood lead there is an associated 
decline in IQ points: 1 to 2 points at lc\cl.s of 15 
to 30 pg/dL.; 4 points at levels of 30 to 5P pg/dL, 
and 5 points at levels > 50 pg/dL. This loss of IQ 
points was seen as problematic by the CDC be- 
cause of the potential for increased numbers of 
children in the severe deficit category and de- 
creased numbers in the above-average category. 

It should be noted that some researchers 
tsee, for example, Ernhart, Landa, & VVoll, 1986) 
have claimed that the effects of lead on IQ arc 
minimal, lirnhart has argued that when the con- 
founding variable of parental IQ was controlled 
for, the apparent effects of lead on intelligence 
were reduced (Ernhart, l.anda, Cr Schell, 1981). 
E.rnhart’s work has been criticised by researchers 
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in the field, however, for not controlling for an- 
other confounding \'ariable, namely that some of 
her research subjects had alcoholic mothers; the 
effects of prenatal exposure to alcohol on cogni- 
tive functioning are well documented. 

Other research supporting the CDC changes 
included findings on the effects of lead on hear- 
ing (Fox, 1992) and on physical stature and sev- 
eral biochemical indices (CDC, 1991). Finally, 
animal research also contributed to the CDC 
decision. For example, the CDC (personal corre- 
spondence, 1993) was concerned about findings 
from primate studies showing that low levels of 
lead interfered with cognitive and behavioral 
functioning. 

Review of Research 

Neurobehavioral Effects of Lead Poisoning 

Animal Studies 

Animal studies provide important evidence 
on lead exposure effects. The fact that the genetic 
make-up of research animals as well as their 
environments, unlike those of typical lead-poi- 
soned children, can be more carefully controlled 
makes it easier to pinpoint whether deficits are 
the result of lead rather than some other source. 

Mice and rats. Many studies of rats and mice 
have documented the effects of lead poisoning in 
several areas of development. In one study, for 
example, mice that were chronically exposed to 
lead were slower to open their eyes (thought to 
indicate delayed CNS development) and had re- 
duced body weights throughout their lives 
(l.^onald. Cutler, Cr Moore, 1987), Interestingly, 
children who are prenatally exposed to lead have 
been found to have low birthweights or to be 
small for gestational age (Schwartc, 1992), 

The male lead-exi)osed rats in this same 
study exhibited significantly shorter latencies to 
aggression than their nonexposed counterparts, 
and the leatl-exposed rats overall demonstrated 

0 
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an increase in exploratory hehasior. Aggressisc 
behavior in lead-exposed mice has been docu- 
mented hy other researchers as well 
tCngellenner, Burright, &r Donovick, 1985; 
Holloway <Scr Thor, 198PT Many human studies 
have found that lead increases activity level and 
aggressi\’c behaeior (.e.g., Marlowe, Stellern, <Sr 
lirrera, 1982V 

The effects of lead exposure on the cogniti\ e 
functioning ol rats and mice have also been well 
documented. Tbt je deficits have been found to 
be particularly a,>parent in learning paradigms. 
Deficits range from problems with the acquisi- 
tion of brightness, spatial, auditory, and tactual 
stimulus control to differential patterns of re- 
sponding to contingencies of reinforcement, 
which have been found to be sensitive indicators 
of neurological toxicity (.lor a critical review, see 
Cory-Slcchta, 1984). 

Monktys. Findings reported in the primate 
literature have also helped clarify the effects of 
lead on behavior and development. One rc\'iew 
states that "behavioral impairments have been 
observed in every group of primates tested with 
no ex'idence for a threshold " (Rice, 1992, p. 

1 50). Deficits, with seemingly irreversible ellects, 
have been found in monkeys with blood lead 
levels as low as 1 1 [ig/dL. Included are 
attentional difficulties, learning problems, and 
decreased menmry capacities. 

Other researchers have documented behav- 
ioral and learning problems in primates similar to 
those observed in lead-exposed children. Lead 
exposure in rnonke)S has been found to result in 
decreased muscle tone, increased agitation, and 
reduced visual attentiveness (Levin. Schneider, 
Ferguson. Scharitz. Bowman. 1988). 

I luuuin Studies 

Dccrcmc/K.s i/i IQ. The effects of lead expo- 
sure and poisoning on intellectual functioning 
have received a great deal ol aticntiim, and, as 
already mentioned, evidence is mixed. Many 
Studies ha\'e shown decreases in overall IQ scores 



as well as specific deficits in s-erbal and perfor- 
mance areas to be associated with lower ranges of 
lead exposure, but such deficits have been absent 
in some other studies. 

In one study, for instance, of a clinical group 
consisting of children with lead le\els > 15 
[ig/dL, and controls with levels < 15 [ig/clL, chil- 
dren were administered the VVISC-R and WRAT 
(Yule, Lansdow’n, Millar, & Urbanowicz, 1981). 
The clinical group showed deficits in the verbal 
section of the VVlSC-R but not on the perfor- 
mance scale. In addition, the clinical group had 
lower reading and spelling achievement scores. 

A more recent study also found an inverse 
association between lead exposure and verbal IQ 
interacting with the child’s age at exposure 
(Bellinger, Stiles, Needleman, 1992). Elevated 
lead level at 24 months, only, was associated with 
lower IQ scores at age 10 years. In this study 249 
children w'ere tested for lead exposure and 
placed in one of three groups (low = < 3 pg/dL, 
below the 10th percentile; medium = 6.5 pg/dL, 
approximately the 50tli percentile; and high = > 
10 pg/dL, above the 90th percentile). Blood lead 
levels were measured at 6, 12, 18, 24, and 57 
months. Cognitive assessments were conducted 
using the Bayley Scales of Infant Development at 
age 24 months and the WISC-R and K-TEA at age 
10. Controlling for possible confounds, i.e., fam- 
ily social class, maternal education and IQ, life 
events, and blood lead histor)’, analyses showed 
that children’s blood lead level, at age 24 months, 
was significantly associated with children’s ver- 
bal IQ at age 10 years. Perlormance IQ was un- 
aflccted at all assessment periods. Regarding the 
K-TEA .scores, only blood lead level at 24 months 
of age were significantly associated with de- 
creased scores, predominantly in the area ol 
spelling and mathematics. The composite score 
at age 10 decrea.scd 8.9 points for each inclement 
of 10 pg/dL measured at 24 months. 

It slmuld be noted that Bellinger et al, 
( 1 992) did not carry out an\' blood lead measure- 
ments between 24 and 57 months of age. Flow- 
ever, hlood lead is known to rise steadily from 16 
tii 24 months and peak at approximately 2*^ 
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months and then \ory slo\vl\- dedinc (J'-'ldtn 
Chisolm, personal communieaiion, July, l^QdV 
Thus the 24-monih blood lead le\'els were most 
probably representative of tbe peak learl le\el of 
the subjeets. 

In yet another stud\’ (.Bellinger, Leviton, 
W'aternaux. Needleman, Cr Rabinowitz, 1987) 
umbilical cord blood lead measures from 24d 
fetuses were used to assign subjeets to three pre- 
natal exposure groups: the low group < B |ig/dL, 
the medium group 6-7 |ig/dL, and the high 
group > 10 pg/dL. Postnatal lead exposure was 
determined by further blood lead measures. The 
child's postnatal development was first assessed 
at age 6 months and then semiannually, utilizing 
the Mental Development Index (.MDl) of the 
Bayley Scales of Infant De\elopment. Only in- 
fants in the high prenatal exposure group scored 
lower on the MDl during tbe first 2 ) ears of life. 

Intatunioiuil studies. Studies eonducted out- 
side the Li.S. have further substantiated the ill 
effects of lead on children's intellectual dcwelop- 
ment, although not without some mixed results 
as to the speeific pattern of deficits created b\- 
lead poisoning. In a study examining 464 infants 
horn in South Australia (.Baghurst et al.. 1662b 
blood lead samples were drawn t om umbilical 
cord at birth, and then lead level was further 
assessed at ages 6 and 1 5 months, at 2 ) cars, and 
annually thereafter. Blood lead Icwels ranged 
from a mean lifetime a\ erage concentration of 7- 

1 1 pg/dL (low) to 18-28 pg/dl. (higbb The chil- 
dren were tested for intellectual abilities using 
the McC'.arthy at ages 2 and 4 years. At age 7. they 
wv.:e tested with the WISC-R. The Kf} scores ol 
lead-exposed children whose lead kwels bad 
risen Irom Kl to ’)(’> pg/dl. (across their liletimes) 
were between 4.4 to S.B points lower than those 
of nonexposed children: and those who per- 
formed poorly at age 4 on tbe McCarthy did not 
improve their perlormanee at age 7. suggesting 
that deiiemenis due lo earl\ lead exposure 
may persist. 

A study ol a group ol British ebildren ages 

2 to a (Harvey, Hamlin, Kumar, dr Delu's, 1684' 



did not find a relationship between blood lead 
level and measures of intelligence. In this study 
the assessment included four eogniti\'c tasks 
from the British .-\bilit\- Scales, psyehomotor 
tasks from tbe Stanlord-Binet, and beba\'ioral 
ratings based on observations made in testing. 
Blood lead Icwels ranged from 6 to B(1 pg/dL. 
Maternal IQ was assessed with tbe Ra\ens Pro- 
gressi\ e Matrices and Mill Hill \'oeabular\' Scales. 
Health and marital information was also obtained 
from the parents. Although blood lead Icwel and 
intelligence measures were found to be unre- 
lated, it should be noted that nearl)’ half the 
children C)”) of I B3) had incomplete data, mak- 
ing the findings inconclusi\e. 

In German)', an assessment of 1 ,876 school- 
aged children between 6 and 1 1 years of age with, 
blood lead levels ranging from 5 te> htB pg/dL. 
rewealed blood lead level associated with some 
skills and not others (Winneke, Brockbaus. l:w- 
ers, Kramer. & Neuf, 1660). A neurobeha\'ioral 
batter)' included assessments of IQ (\\’1SC). \'i- 
sual motor integration skills (Bender-Gestalt and 
the Trail Making Test-TMT). reaction perfor- 
mance abilities (Delayed Reaction Time-DRT 
and X'ienna Reaction Dcwiee-\'RD). and general 
beha\'ior (as rated b)- parents and teachers). Ne> 
dillerences were louncl in general intellectual 
perlormanee or in less standardized measures t)f 
neurobeba\ ioral function such as beha\'iorai rat- 
ings. Higher lead Icwels were related, however, tit 
disrupted performance on tbe \'isual-motor inte- 
gration and reaction perlormanee tasks. These 
results replicated findings from an earlier stud)' 
showing that lead-exposed children exhibited 
delicits in perceptual motor tasks (Winneke Kr 
Kramer. 1684). 

Interestingly, another recent study lound 
blood lead kwels (in this case neonatal kwels' to 
be associated with delicits in motor skills at age 
6. Specificall)', lead level related to visual-motor 
control, fine-moior skills, and upper-limb speed. 
1 he resiMicbeis poiiil out that niolor diwelop 
mental outcomes may be more sensitwe ind’ca- 
loi's ol lead's ad\'erse elicits on the central . .r- 
unis s)'slem. as the) are probabK- less eon- 



founded liy social faeiors” (.Dicirieh. Berger. &r 
Sueeop. I'^d3. p. 30 R 

In an invesiiganon of ihe relationship be- 
tween low lead exposure and ehildren's learning 
disabilities and need for special education 
(.l-vngbye. Hansen. Trillingsgaard, Bcese. <Scr 
Clrandjean, IddOI. 177 children, aged 5 to 7. 
were selected from a s ariet)' of public and pris ate 
schools in Aarhus. Denmark. Dentine lead levels 
were used to divide the children into a high-lead 
group C> 18.7 pg/dL) and a comparison group 
(.< 5 pg/dLV At the end of the second grade, 
ehildren's intellectual performance was assessed 
using the \\'1SC-R. Children in the high-lead 
group scored sigriificantl)' lower on the \crbal 
skills domain than did the comparison group. No 
performance elTccts were noted. 

Overall these studies conducted in both the 
U. S. and abroad support the idea that intellec- 
tual performance varies with lead exposure. 
However, what specific areas of functioning are 
affected remains unclear. Is it verbal, perfor- 
mance. or both areas of functioning that are at- 
fected? The mixed results ma\' be explained in 
part by a study conducted b\’ Shaheen (.1Q84') 
comparing 18 children aged 4 to 6 with histories 
of lead exposure to a nonexposed comparison 
group on a six-lactor cognitive neuromotor bat- 
tery that measured languagc/linguistic skills, vi- 
sual-motor integration, rapid learning and atten- 
tion. motor skills, spatial reasoning, and \'isual 
analysis. The clinical group was di\ ided into sub- 
groups representing early exposure to lead (be- 
fore ’’4 months'), middle exposure (24 to 3('i 
iiK>nths''. and late exposure (after )(s monthsV 
The early exposure group's deficits were in the 
linguistic/language area, whereas the mid-expo- 

sure ^IOU|) t’.Miiuucu I IkM iiitu ICC Oil 

tial tasks. The clinical late-exposure group 
showed no performance decrement relati\e to 
the comparison group and the other exposure 
groups on either spatial or linguistic tasks. 1 hesc 
resttlts suggest that carl\- exposure to lead is as- 
sociated with dcitcits in the \ erbal domain-, while 
late exposure is associated with dehcits in the 
performance domain. These lindings in.i\’ help 



explain the inconsistenc)' ol some other research. 

Di.screpant findings may also relate to socio- 
economic factors. For example, the subject 
population of the Bellinger et al. study (1992). in 
which effects on functioning in the \’crbal realm 
were found, consisted of middle- and upper- 
middle class subjects. Dietrich et al.'s study 
(1993) was of low-income black children and 
found differences in the performance areas. As 
Dietrich et al. point out. these differences may 
well reflect that functioning in the performance 
domain is less susceptible to cultural eliccts than 
functioning in the \'erbal area. 

Behavioral Effects 

Hvpcnutivity. Perhaps the most compelling 
findings of lead research are re|ieated reports of 
behavioral problems linked to lead exposure and 
poisoning. Investigators have found that lead 
appears to be related to children's irritability, 
distractihility. lethargy, etnotional under- 
reactivity, disciplinary problems, hyperactivity, 
classroom overactivii\'. impulsi\ity. and de- 
creased attentional skills. 

For example, a recent st ad\’ conducted in 
Scotland of 501 children documented a relation- 
ship between lead exposure and children's be- 
havior (Thomson et al.. 1989). Beha\'ioral assess- 
ments of the children were pro\'ided b)- both 
teachers and parents, using the Rutter behavioral 
scales. Multiple regression analyses showed a sig- 
nificant relationship between measures ol leael 
and teachers' ratings on the total Rutter behavior 
index, the aggressive/anti-social index, and the 
h.yperactwit)' score. These results suggest an a.s- 
sociation between low-kwel lead exposure (mean 
blood lead kwel = 10.4 pg/dl.) and antisocial 
beha\'ior and hyperactivity in children. 

In another study of school-aged children 
(Yule. L)rbanowicz. Lansdown, Nr Millar. 1984). 
It was reported that teachers' ratings ol the 
children's hyper.tcti\it\-. impulswity. time spent 
daydreaming, case to Irustration. and inaltcntiim 
all increased with higher lead levels. I'he l(v(i 
children, aged in to 1 2 years, were measured h'>r 
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blood lead level. Lead levels were grouped into 
four eai ego ries ranging from low (7-1 1 lig/dU lo 
high (17-32 lig/dL). Teaehers einnpleied a be- 
havior rating baiter)’ eonsisiing of an 1 1-iiem 
questionnaire (Needleman el al., ld79V ihe 26- 
ileni Teaeher Rating Seale 6(21, whieh is widely 
used in Britain to sereen general behavior and 
emotional diffieullies'. and ihe 40-ileni Conners 
measure, whieh is used in studies of hyperaeli\ - 
ily. The questionnaire results showed an assoeia- 
lion between lead exiiosure and higher ratings of 
hyperaeli\ily, overaeli\il)’, and case lo frustra- 
tion. The Ruller ratings showed children in the 
upper 50% of lead le\els exhibiting more 
squirmy behaviors, fighting, inertness, disobedi- 
ence. and overaeti\’il)’. On e\ery subseale of ihe 
Conners scale, children with higher blood lead 
\alucs were rated as more de\ianl. with scores 
statistically significant for hyperacli\ ily. eonduel 
problems, and inalleniion. 

A further study found a significant relation- 
ship between blood lead le\el in children and an 
increase in frequenc)- of h)peraeiive beha\ior 
ratings (Silva. Hughes. Williams. & Faed. 1988). 
This stud)’, conducted in New Zealand, assessed 
a sample of 579 1 l-\ear-old children with mean 
blocKl lead level of 1 1 lig/clL. with range 4 lo 50 
|ig/clL. The assessment was composed ol ihe 
Wise, the Burl Word Reading Test, the Ruller 
Parent and Teaeher Beha\ ior (!}ueslionnaire. and 
teacher and parent reports. Correlations were 
found between children's lead le\ el and ratings of 
hyperactive behavior and inalleniion. 



examiners as either on- or off-task. Dentine lead 
le\’cl was found lo be significantly related to dis- 
tracted off-task beha\’ior. i.e.. looking al peers, 
looking at the obser\’er. and looking awa)’ from 
work. 

Another sludv followed 1.923 children 
from an acb.’aniaged v\’hiic, middle- and upper- 
middle class population from birth to age 6 
(Le\’ilon el al.. 1993). Parents compleied a ques- 
tionnaire and prewided a sample of the child's 
shed leelh. The children's leaehers completed a 
queslionnaire assessing seven aspects of class- 
room beha\’ior and academic performance across 
se\en cluslers: behavior, hyperaclivii)-. reading, 
ariihmelic, following dircciions. daydreaming, 
and complcling tasks. The mean umbilical cord 
blood lead le\’cl for this population was 6.8 |ig/ 
dL. and ihe mean dentine lead le\el was 3 .3 |ig/ 
clL. Girls with an ekwated demine lead level ex- 
hibited a higher level of dysfunction in interac- 
tions with peers and completing tasks. Males 
with ekwated lead levels suffered from an inabil- 
ii)’ lo allend lo and follow directions. 

Abuse. Lead-exposed children with behav- 
ioral problems may be more difficult lo leach and 
also more diffieull lo parent. In fact, a recent 
slud)' found that children suspeeied of being 
physieall)’ abused had significanlly higher blood 
lead le\’els (27 limes higher) than a comparison 
group matched for race. sex. income, and hous- 
ing slants (Billutney. \’ande\en. & R)an. 1993). 



AiU'ntion span. A 3-year lolk)w-up study 
(Bellinger. Needleman. Hargra\e. Nr Nichols. 
1981) investigated ihe relationship between leai.1 
level and children's off-lask beha\’ior in the class- 
room. Using a random subsampling of children 
from an earlier study (Needleman, Da\'id.son. 
Sewell. Nr Shapiro, 1974), researchers obser\ed 
the classroom behavior of children divided into 
ileniine leai.l-level groups, with low-lead < 10 p,g/ 
dl., mid-lead < 1 3 pg/dL, and high-lead > 20 pg/ 
dl. The children were obser\’ed at quiet aea- 
domie study lor lour 4-rninule periods. Al 7- 
second intervals, the ehildren were scored by the 
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Methodological Issues 

Role of Environmental Factors in the 
Development of Lead-Exposed Children 

While lead poisoning does appear lo affeel 
children's beha\’ior, as well as their learning, the 
conlribulion ol negative environmental factors 
cannot be discounied. Several studies have 
pointed lo dillerenlial eliccts ol lead exposure 
related lo socii'ceonomic status. For example, in 
a stud)’ in German)’ (Winneke Nr Kramer, 1984) 
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onl\ Knu'i -class children who had been cxposcei 
lo lead slnnvcd dilTicullics widi reaction lime aiul 
visual-motor micgraiion tasks. In their study ol 
British children Har\ey ei al. t ld84'i lounel IQ to 
be inversely related to blood lead Icu'l onk in a 
group of children whose parents were manual 
workers, no relationship was found lor the com- 
parison group whose parents were nonmanual 
workers, ^■el another siuely tDieirich. KralTi. 
Bornschein, Hammond, Hoffman, ld87' 
lound differences in performance on the Baylcy 
to be related to sl~..8. Thus, there appears to be an 
interaction between lead e.xposure and SOS, with 
children of lower SE8 status being more uilner- 
able to elTeels. 

Other factors associated with low SE8 may 
pul these children at greater risk for deliciis due 
to lead e.xposure. bamihes in po\eriy may be less 
able to maintain stable homes for iheir children 
and less able to provide opporiuniiies for their 
intellectual development. Also, low-income par- 
ents are likely to have greater difficult}- in pro\ id- 
ing fcir iheir (.hildren's medical and nutritional 
needs. 

Boor nutrition i^ a serious issue, particu- 
larly in the case of lead e.xposure and poisoning. 
I'ootls high in fat are problematic becau.se they 
lend lo increase lead absorption in humans, 
whereas foods high in calcium and iron help the 
body absorb less lead (.Pennsylvania neparimenl 
of Health. l<-)*-)lV To reduce the risk ol lead 
poisoning, children should consume Iresh Iruils 
and vegetables, dairy products, and lean meals, 
all ol which are diflicull to pro\ide on a light 
budget. 

Methods of Determining Lead Levels 

I here are several methods lor monitoring 
the anuuint ol lead in the bod}-: these include 
measuring the lead le\-els in blood, teeth, urine, 
hair, and bone. Each oilers ad\aniages and dis- 
ad\antagc> that nut^l be carclullv weigbed m 
evaluating research lindmgs. 

Puibabl} the most commonl}- used 
method ol momti'i ing the presence ol Ic.id m the 



body ins-i-ibes testing for lead in the blood. To 
obtain samples of blood lead, two methods are 
used: the capillary sample and the \-enous punc- 
ture. The capillary sample is obtained from a heel 
Slick. i}-pically used with children under age 1. 
and a finger stick for older children. The advan- 
tage of capillary samples is that this method is a 
ciuick. expedient, and simple procedure lor 
trained medical personnel. Capillary samples are 
easil}- contaminated, how-e\-cr, because lead can 
lodge in the grooves of the fingerprint and elevate 
the amount of lead detected in the sample (CDC, 
Ibbl). To minimize these drawbacks, the CDC 
has prescrihed guidelines for obtaining capillary 
specimens. And in response to the problems with 
capillar}- sampling, the CDC recommends that 
ifie "venous blood is the preferred specimen ior 
anaksis and should be used for lead measure- 
ment whene\-er practical'' (.CDC. 1991, p. 45'). 
Current procedure commonly involves testing 
iniiiall}- usii-ig a finger slick, and then performing 
confirmatory venous puncture il an elevated lead 
level is found. 

Blood lead level is often a .short-term rellec- 
lion of recent changes in e.xposure to lead 
(.Mushak, 1992V If a child consumes a large 
quanlily of lead, for example, his or her level rises 
quickl}- over a period of several hours, and a very 
high blood lead measure can be obtained if test- 
ing is (.lone during this lime. 

While lovv--level lead exposure in adults is 
thought lo be reflected m a stable blood lead 
lev-el. this is not the case for dev-eloping children 
tRabinovviiz, Leviion, Needleman, H^84). Par- 
ticularly in infants and young children up to age 
2. blood lead levels may be extremely labile due 
lo (.lev-elopi-nenial ebanges as well as shifts in 
env ironmental leavl. Blood lead levels in children 
may change by as much as 5 pg/dL in a week 
Uirnhari, 1992V Tor this reason erial, rather 
than single, blood measuremenis are ibe n-iosl 
informative. 

I’hese msiabihiies m chiklien's bk>od leavl 
level create an obvious research problem, calling 
lor study designs that control for dramatic sbilis 
in blood lead lev-els in young children. (')ne com- 
mon method is lo obtain several s.imples and 



average iheni into a "mean lileiime learl expo- 
sure." 

Tccih. Some researchers have chosen ut 
avoid ihe problems of blood lead ahogciher in 
favor of measuring lead in lecih, gcncralK- in 
shed deciduous, or “baby," iccih. The amouni of 
lead in Uiese lecih rcllecls exposure across ihc 
enlirc lime the loolh is in ihc mouih. In ihal 
researchers can simply rcc|uesi ihai parents save 
ihc leeih their children lose, this method has 
proven lo be extremely efficient. Its main draw- 
back is that the amount of lead in teeth varies 
depending on position (c.g.. eye loolh \crsus 
molar) and the amouni of decay iMushak, 1992). 
Bellinger Cl al. (1992) also note that demine lc\ - 
els may not prove lo be good markers of lead 
when the research questions pertain to \ery low 
levels of lead. 

ihinc and hair. Research designs have uti- 
lized measures of lead in urine as well as in hair. 
Both have pro\ed unreliable and disappointing; 
assessments vary greatly within individual aiul 
between individuals (Mushak, 1992). 

Bone. A fourth method, which is strictly a 
research procedure at this point, imolvcs exam- 
ining lead in the bone. Becau.se lead is ultimately 
deposited in bone, this method may provide a 
more accurate picture than the others. Interest- 
ingly, the XRF (a special type of low-energy X- 
ray) measurement ol lead in the libular bone of 
children has been found to provide an accurate 
measure of lead (Rosen el al., cited in Mushak, 
1992), hui the routine use ol this meiho(.l is 
Linforiunalely too costly at this point. 

In sum, there appear to be pluses and mi- 
nuses to each type of sampling, Al this point, it 
appears that serial bUiod lead measurements are 
probably one of the best options. Research that 
uses some of the more controversial meihorls 
should be interpreted with caution. 



Directions for Future Research 

While the effects of lead exposure and poi- 
soning have been extensively studied, questions 
remain. One has to do with the effects of low- 
le\'cl lead exposure (i.e., 10 to lo pg/dL) on 
de\'clopmeni. While some ol the studies dis- 
cussed showed delicils at lower levels, additional 
data arc sorely needed. More .-^Indies are needed 
to speedy the impact of low-level exposure on 
cogniiiw functioning and neurodec’clopmeni. 
Studies must also isolate the effects of lead from 
the effects of other factors in the environment, 
such as pcwerly, lack of environmental stimula- 
tion in the home, and family hisior)’ of learning 
problems. 

Another important issue is raised by 
Shaheen's siucK' (1984). As discussed prc\'iously, 
this stud)’ found differential effects of lead related 
lo the age at which the child was exposed. While 
these findings are very exciting, it should be 
noted that this siud\- utilized a very small sample, 
and lacked a non-lead-poisoned group for com- 
parison. A large scale replication of the Shaheen 
design could prove ver)- informative. 

One way lo address some ol these questions 
ma\’ be through animal studies, which utilize 
methodologies that are freer of “cultural bias" 
than studies ol humans. For example, lead e.xpo- 
sure in monkeys has been lound to result in 
reduced visual aileniivcness (l..e\’in ci al., 1988'i. 
Habituation paradigms like those used in this 
slud\ have been used m studies of children, with 
interesting results. For example, Ross, Tesman, 
Auld, anti Nass (1992) found that premature 
infants with mild intraventricular hemetrrhage 
tlillcred from those wiihtuu hemorrhage on a 
\ isual attention task. Assessing the performance 
of Icatl-exposed chddren, using a similar habitu- 
ation paradigm, could be informaiit’e. 

While the effects of lead exposure on aiien- 
lion behavior are well documented at this point, 
children may be experiencing tnher types ol bc- 
ha\ior problems yet lo he idcniilied. In our labc>- 
raictry we arc currently exploring this issue 
through a slutK td 45 children (ages 7 O' 1 ()) wht> 
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have been ircaied and or followed by ihc Poly- 
elinie Medieal Comer's Childhood Lead Poison- 
ing Prevention Program, Preliminary analyses of 
data obtained through the Achenbaeh Child Be- 
havior Checklist, completed b\- teachers, indicate 
that the problems exhibited b\’ lcad-e.\posed 
children are wide ranging (Tesman. Morrow, & 
\'arma, Id^dL For example, male children were 
found to exhibit altentional problems and dclin- 
ciuent behaviors, which is consistent with other 
research t,Wicks-Nclson & Israel, 19dl), but sur- 
prisingly they were also abo\e the mean in the 
withdrawn, somatic complaint, and anxious/de- 
pressed categories. A significant portion of the 
boys were also unexpectedly classilied as inter- 
nalizing U-C.. fearful, inhibited, and overcon- 
trollecn. 

Another surprise came from the female sub- 
jects. Although girls are typically less prone to 
behavior problems, teacher ratings of the lemale 
subjects in our study showed a wide range ol 
cliKicullies, including attention and aggressi\c 
behax'ior problems and beha\ iors categorized as 
withdr'wn. The girls were often found to fall in 
the externalizing category (i.e., aggressive, anti- 
social, and undcrcontrollecn. These preliminar\' 
data suggest that lead-exposed children, of both 
genders, arc at risk for a range of bcha\ioral 
problems — problems that may ha\e lifelong im- 
plications. 

Policy 

W'hate\er deficits are documented, or ) et to 
be documented, the tunibling fact remains that 
lead exposure continues to be an entirel)’ pre- 
ventable iiroblem. Children who ne\er come in 
contact with lead are free from exposure; il expo- 
sure is minimized so will their risk be. Lhilortii- 
nately. the removal of lead from ehildreiTs envi- 
ronments has prewen to be a more expensive, 
compheated. atid time-ecnisitming process lhan 
once thought. 



Abatement 

Congress and ginernment agencies .ue lun 
unaware ol the need to address the lead h.iz.iid 
and the issue of its removal In I'-fSS the .\geik\ 
for Toxic Substance and Diseases Rcgisiic cmi- 
matecl that 42 to 47 milium liou-scs m the I 
contained lead paint tcited m 1 in-I u, l'-)'-)2' 
According to the 1991 Cl'>C giiicleliiie^. er.uii- 
eating childhood lead poisoning rcciuire' a long 
term active program ol primaiA lead-poisoning 
prevention, including abatement ol paint hazards 
in homes, day-care centers, and cuher pl.ues 
where young children play and live’ iI'-Wl. p 
65V 

In 1990 the L'.S. Department ol llousimz 
and Urban Development tllLD' pulilished .i 
comprehensive guide to abatement titled l.iii,! 
based Paini liuerim Cuicleliiu’s lot liazaid Ideiwf!- 
calion ill Piihlie and Indian Housing 1 hcsc guide- 
lines outline projicr abatement procedures. Lcun- 
pleie with time frames km imestig.itions .md m- 
teiA’cnlioiis; emergency and long-term measures 
for ahatemeni; descriptions ol the three c.itego 
ries of abatement and the iirocedures lo lolknc 
with each; and speciiic stand.ucls lor the .inioum 
of allowable lead lollowuig abatement pnse 
cl u res. 

Three dillerent ahatemeni I'lU'ceduu-s i.m 
be followed m removing lead paint Iroiii build 
mgs: replacement, encapsulation. oi p.imt re 
moval. Replacement involves lot.ilK iemo\in>z .t 
lead paint-covered part ol a building, sucb ,i 
window, and replacing it with .i new part W liile 
this method is very ellieu nt. it c,m he cosib u 
is also impractical lor certain p.iris ot buildings 
such as the walls. 

Lneapsulation is the process wheiebc le.ul 
painted surface's are cawered with a m.iteiial ih.ii 
prevents an\- access to lead pamt oi le.id diisi 
Ladortunately methcids eil encapsul.iting b.tw 
been difficult to locate and devek'p tirdm.iic 
pamt ck'CS tun lend ttsell to eiu .ipsulation lu'i 
does an\' enher material that peeU oi II. ikes o\ei 
ti le — as does pamt 
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I’ami removal perhaps the most danger- 
ous proeess, heeause these proeedures ereate 
large amounts ol leael residue, usualk in the lorm 
ol lead elust. lll'l') has suggested that maehine 
'^arlding, ehomieal stripping, and removal of 
paint with a heating deviee are hazaalous to both 
workers eaul building oecupants. Beeause of the 
risk'., lead abatement ilone improperly ean ereate 
e\en more troukde than leaving the lead paint 
mtaet Oh\ iously the neerl lor skilleLl workers in 
the uise ol removal is erueial. 

Abatement must eontinue to be a central 
goal liven though it is eostK' fully abated hinis- 
mg w ill allow gntc'u./'oii.s oj JUlchrn to grow up 
inoteeted Irom lead poiseming. .Abatement is not 
.1 simple task. howe\er. liaeh procedure has its 
disacKantages. and ultimate elTccti\eness is in 
c|uestion. liven alter abatement is completed, 
lurtl'icr testing is needed to determine if lead 
remains — c'liee again rec|uiring skilled wcu'kers. 
e.Niieiisive ec|uic>ment, and lahoratoiA facilities, 
rmally, recent monitoring ol some instances ol 
.ihatement has revealed that e\en when abate- 
ment is earned out lollowing current guidelines, 
the go.il ol kiwered blood lead levels sometimes 
rem.uns elusive te g . Lm-I'u. lbc)2; Weitzman et 
,il 

I’aienl liducalion 

(.hie promising approach to reducing 
(. hildren s blood lead le\ els without relying on 
ah.itement was reported in a study of 4b0 chil- 
dren, aged (s to 71 months, who li\ed m the 
vicinity ol a delunct lead smelter m homes built 
beloiv the 1420s t Kimbrough, l.cA'ois. cKr W'ehh, 
1004 ') A program ol parent education was lound 
lo be elleetive m lowering blood lead levels. 

I hi' iiarents m this stucK’ underwent exteti- 
'<ive training in how to cope with the einiron- 
iiiental presence of lead. They were instructed to 
uadi then children's hands belore meals and 
belore bed. to keep their hngernails clipped 
short, and to provide a well-balanced diet. I’.tr- 
eiits were shown housekeeping technic(ues, in- 
iluding how to careliilk remiwe chipping and 



peeling paint and how to put etp barriers to kee|') 
children awa\’ from heavib- leaded areas. Barents 
were also instructed to seek e.vpert guidance be- 
lore conducting any renovations. 

The result of this intensive program was 
dramatic. The children's mean blood lead lewl 
decreased over a 4-month period from 15 pg/dl. 
to 7.8 |ig/dL; aiul a follow-up 1 year later found 
that blood lead levels continued to be low tmean 
= 4 |ig/dl.T Interestingly, the Illinois [,)epartment 
of Buhlie Health has had similar suecess with a 
counseling intervention (.Kimbrough et ah, 
14447 

While the.se results arc promising, it shoukl 
be noted that the subjects in this study were a 
moti\’ated group ol parents with children with 
cle\aied blood le\'e!s. The families had limited 
acce.ss to health care and lead abatement re- 
sources anel were "at a loss as lo what lo do." 
Also, the counseling pro\’ideel was intensive, 
consisting of sc\’cral 30- lo 45-minuie .sessions 
conducted wiib the whole famil)' (Kimbrough el 
ah. 1444). Further research with matched con- 
trols who do not recei\'e counseling is needeeh 

Cut rent Legislative Action 

It is ohe ious that the most imporiani step lo 
pavvenling lead poisoning is abatement. On (.T-- 
lober 28, 1442, Congress pas.sed the Residential 
t.ead-base(.l Hazard Reduction Act of 1442 (B.h. 
102-550). Biobably the most comprehensive 
legislation on lead to be passed in the last two 
decades, this Act stands lo have far-reaching 
implications. Among the many pnwisions. the 
FBA is rec(uirecl to .set up regulations and to 
establish centers to train professionals in the han- 
dling and remiwal of lead-based paint, ‘hhe sale 
of homes is also regulated, such that sellers have 
lo notify prospective fiome hu\’crs regarding the 
presence of lead paint, and piospeclive bu\’ers 
will ha\’e the option of coiuluciing their own 
mspi’clions. 

Hl'n abatement Llemonsiraiion grants have 
been awardee.! lo sewral cities, with itnlial lund- 
ing ol $150 million pnwided by the Hou.se Ap- 
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propriaiions v'omniiuoc. The a'>mmiilcc has also 
appropriaicd $37 million lor the C'DCs leael 
poisoning prevention giants. 

The need lor monies lor ahatemcm is press- 
ing. In March ldd3 the Health Sulieommiliee ol 
the House Ways and Means Committee ap- 
prc'ved a health earc reform hill (H.R. 247d) that 
meludcs elements of the Lead Abatement Trust 
l und legislation. It remains to he seen if this hill 
will pass through both houses of Congress. The 
pixiposed funding souree for this hill is a ia.\ on 
the lead industry. The lead industry is arguing 
that taxing lead will e<.'st jobs. 

On May 25, WQ4, the Senate passed the 
L.ead Lxposure Reduction Act of ldQ4 {.S. 729") 
sponsored by senators Reid and Lieherman. The 
hill includes provisions for O') establishing limits 
for particular products that contain unsafe 
amounts of lead; (2'i setting up programs to re- 
duce and restrict lead in se\eral items, e.g., 
plumbing fixtures, ink, curtain rods, etc.; (3") 
requiring the ERA to maintain an inventory of all 
uses of lead sold and distributed eommercially, 
and to devise labeling procedures lor new and 
already marketed products; (41 pixwiding man- 
datory recycling of batteries and a method to link 
retailers and smellers; (51 setting up a federal 
program to fund inspections lor lead paint at 
sehtHils and day-eare centers built prior to 1980; 
and finally (b) establishing a National Center lor 
the Prevention of Lead Poisoning (Cony^rcssiomil 
Raoul, lU94a, I994bl. It should be noted that a 
eompanion bill is yet to be introduced in the 
I kmse. 

Conclusions 

The efiects of lead poisoning and exposure 
on the development of children have been docu- 



mented for almost 100 years and certainly sus- 
pected centuries before that. Lead piiisoning, es- 
peeialK- at higher levels, causes serious, perhaps 
irixwersible deficits in biological functioning, 
cognition, and beha\ior, as supported by numer- 
ous studies. 

Tbe specific effects of lower levels of lead on 
children's development are somewhat less clcar- 
eut. Howewer, the data also seem to support that 
even low-lcwel lead exposure ^causes cognitive 
and behavioral deficits. Apparently no level of 
lead in the body may be viewed as safe. But the 
need for further research is pressing. In particu- 
lar. we must promote the use of good research 
design; animal models may continue to be help- 
ful here. 

Finally, the most urgent question is how to 
deal with the millions of homes and buildings in 
the U.S. that are contaminated by lead. In that 
current abatement procedures are both time- 
consuming and costly, and of questionable cllec- 
tiveness, there is not going to be an easy solution 
to this problem. Other promising new avenues 
need further exploration. 

li siioukl Ix' noicd lhal u is]30ssil:)lc iliai somccllccisof load 
ma\- he ivvcrhihlc A ivconi siud\- iRulL Bijur, Markowiiz. 
Ma, Rose 11 . 1004^ dc ni on si rai od dial lowering ihc load 
lc\cl ol lcad-]30isoiied olnklrcn resulted in a niode>i 
iiiiproN iiieiii in eogniii\e luneiioning. One iiiusi quesiion, 
liowe\ ei\ how niueh ol die IQ gams in diis siiuly were due 
10 praeiiec elfeeis. 

1 lie resulis ol diis siudy and other research conducicd in 
the Needleniaii lah have been repeatedly questioned by 
l:rnhari and Searr, I 'or a sum in ary of this controversy, sec 
Palca, 1^)01 , In March Nd4 the cMlice of Research Integrity, 
ser\ ing PI 11 IS, c leared Xcedleman ol any miscoiiducl and 
ruled that although the research contained nuincrouserrors 
and missiaiemenis, these “did not necessarily alter the 
cohlIusioii [ol the Needleinan l^)7d ariicler' Obits, PH)4, 
p Ally 
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Announcements 



Openings on SRCD 
Standing Committees 

SRCD's Governing Council will be making 
appoinimenis ai the Biennial Meeting lo the fol- 
lowing standing committees: 

• Committee on Child Development, Public 
Policy, <Sr Public Information 

• Committee on Ethical Conduct in Child De- 
\elopment Research 

• Committee on Ethnic and Racial Issues 

• Finance Committee 

• Committee on History of Child Development 

• Committee on Interdisciplinary Al fairs 

• Committee on International Affairs 

• Publications Committee 

SRCD members who would like to nomi- 
nate others or themselves to fill openings should 
contact Glen Elder, Carolina Population Center, 
University Square, University of North Carolina, 
Chapel Hill, NC 27514. Fax: (919) 966-6638; 
e-mail: Glen_Elder@unc.edu 

Single Issues of “Children and 
Poverty” Available 

Twenty-nine articles in "Children and Po\'- 
eriy," the April 1994 special issue of Child Devel- 
opment vol. 65, no. 2, examine the problem 
within the contexts of family, day care, school, 
neighborhood, and community. Research Irom a 
\ariety of disciplines — such as sociology, health, 
psychology, and economics — has been brought 
together here to forge no\el approaches to this 
far- reac h i ng p ro b 1 e m . 



The guest editors of this special issue are 
Aletha C. Huston, University of Kansas; Cynthia 
Garcia Coll, Smith College; and Vonnie C. 
McLoyd, University of Michigan. Child Develop- 
ment, edited by Susan C. Somerville, is a publi- 
cation of the Society for Research in Child Devel- 
opment. 

Single copies: $24.00 each. Bulk orders of 
10 or more: $18.00 each. 

To order, send check, purchase order, or 
complete MasterCard or Visa information (in- 
cluding account number, expiration date, signa- 
ture, and phone number) to: 

The University of Chicago Press 
Journals Division, 

P.O. Box 37005 
Chicago, IL 60637 
Fax (312) 753-0811 



An Insider’s Guide to Providing 
Expert Testimony before Congress 

Distributed to SRCD’s membership, this 
practical guide td delivering scientific testimony 
also provides an oveiview of the congressional 
hearing process and tips on communicating with 
the media. 

Copies are now available for $5.00 Share 
this valuable information with colleagues and 
students. Add this important reference to your 
institution's library. To order, or lor more infor- 
mation, contact Naomi Dunn Torkelsen, SRCD 
Executive Office, University of Michigan, 300 N. 
Ingalls, 10th lloor, Ann Arbor, MI 48109-0406, 
Phone: (31.3) 998-6578, Fax: (313) 998-65(^9, 
e-mail: Naomi. Dunn.Torkclsen@um.cc.umich 
.edit 
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